What is known and objective: Edoxaban has three dose adjustment factors (creatinine clearance, 15-50 mL/min; body weight, 60 kg or less; and concomitant medication with potent P-glycoprotein inhibitors) to prevent bleeding that results from elevated blood concentrations of the drug. A dose reduction (from 60 to 30 mg/day of edoxaban) is recommended for patients with even one of those. However, it is not clear whether 30 mg/day of edoxaban is adequate for patients with multiple dose adjustment factors. We thus investigated the association between the number of the dose adjustment factors and bleeding risk in patients receiving edoxaban.
| WHAT IS K NOWN AND OBJEC TIVE
Direct oral anticoagulants (DOACs) are used for the prevention and/ or treatment of stroke, systemic embolism (SE), and venous thromboembolism (VTE). Although the influence of food and drug on the anticoagulant effect of DOACs is smaller, compared to that with warfarin, coagulation tests such as PT-INR cannot reflect the effect of DOACs. 1 The dosage of DOACs is usually adjusted according to the criteria of the recommended dose reduction.
Edoxaban has three dose adjustment factors [an estimated creatinine clearance (CrCl) of 15-50 mL/min, a body weight of 60 kg or less, or concomitant treatment with potent P-glycoprotein (P-gp) inhibitors] in Japan, as well as in Europe. 2, 3 These dose adjustment factors can increase the blood concentration of edoxaban, which results in an increased risk of bleeding. 4 Therefore, for atrial fibrillation or VTE indications, a dose reduction of edoxaban is recommended for patients with dose adjustment factors (from 60 to 30 mg/day). 2, 3 However, it is not clear whether 30 mg/day of edoxaban is adequate for patients with multiple dose adjustment factors.
In this study, we aimed to determine the association between the number of the dose adjustment factors and the bleeding risk in patients receiving edoxaban. Patient characteristics including age, sex, body weight, medical history, incidence of bleeding complications, concomitant medications and laboratory data were reviewed using the electronic medical record system. If patients had even one of the three dose adjustment factors (estimated CrCl 15-50 mL/min, body weight ≤60 kg or concomitant treatment with potent P-gp inhibitors), a dose reduction in edoxaban (from 60 to 30 mg/day) was recommended. 2, 3 A total of 640 consecutive patients who received low-dose edoxaban (30 mg/day) in our hospital between 1 April 2015 and 31 March 2017 were included in the present study. The patients were excluded if they received low-dose edoxaban for <3 months (n = 402), started the treatment with edoxaban at another institution (n = 35), or had missing body weight (n = 2) or serum creatinine (n = 3) data. The remaining 198 patients were followed up for 1 year.
| ME THODS
The primary outcomes were the incidences of bleeding complications related to the number of dose adjustment factors. Bleeding complications were evaluated by the composite of bleeding events as follows: (a) major bleeding, (b) clinically relevant non-major bleeding (CRNMB) and (c) minor bleeding. 5 Major bleeding was defined as clinically overt bleeding accompanied by a decrease in haemoglobin levels of at least 2 g/dL or the requirement for a transfusion of at least 2 units of packed red blood cells, occurring at a critical site (intracranial, intraocular, intraspinal, intra-articular, intramuscular with compartment syndrome, pericardial or retroperitoneal), or resulting in death. 6 CRNMB was defined as acute or subacute clinically overt bleeding that did not satisfy the criteria of major bleeding, which led to hospitalization for bleeding, physician-guided medical or surgical treatment for bleeding, or a change in antithrombotic therapy (including the study drug) due to bleeding. 5 Minor bleeding was defined as all acute, clinically overt bleeding events not meeting the criteria of either major bleeding or CRNMB. The secondary outcomes were the associations between dose adjustment factors and major bleeding, or CRNMB.
| Statistical analysis
Statistical analyses were performed using the JMP 13.2.1 (SAS Institute Inc). For continuous data, values were presented as the mean ± standard deviation (SD). Chi-square test and analysis of variance were used to assess differences between the four groups based on the number of dose adjustment factors. Kaplan-Meier curves for the cumulative incidence of major bleeding and CRNMB were estimated for the three groups based on the number of dose adjustment factors with differences assessed statistically by the log-rank test. A Cox proportional hazards regression model was used to obtain the hazard ratio (HR) and the associated 95% confidence interval (CI) and to evaluate risk factors for major bleeding and CRNMB. All P-values < .05 were considered statistically significant.
| RE SULTS
The patient characteristics are shown in Table 1 . Vast majority of the patients were less than 60 kg but only 22 were on the P-gp inhibitors. Only 10 patients had 3 dose adjustment factors. The most common edoxaban indication was deep vein thrombosis (DVT). Three patients died during the study period due to cancer progression, interstitial pneumonia and unknown, one of which had no dose adjustment factor and two had one factor. The median follow-up period was 365 days (range, 90 to 365). Figure 2 . There were significant differences in the risk of major bleeding among the three groups (P = .001).
When compared to patients with 0-1 dose adjustment factor, the risk of major bleeding for patients with 2 or 3 factors was increased ( Table 2 ). In contrast, the risk of major bleeding or CRNMB tended to be higher in patients with 3 dose adjustment factors than in those with 0-1 dose adjustment factor, but this was not significant (Table 2) . Similarly, any bleeding events such as major bleeding, CRNMB and minor bleeding tended to be higher in patients with 
| D ISCUSS I ON
In this retrospective study, we investigated the risk of bleeding as- increased (Figure 1) . A Cox proportional hazards regression model revealed that the risk of major bleeding was significantly higher in patients with 3 dose adjustment factors, even if they received a halfdose (30 mg/day) of edoxaban, as compared to that in patients with 0-1 dose adjustment factor (Table 2) .
To date, each of the dose adjustment factors has been reported to elevate the blood concentration of edoxaban. [7] [8] [9] For example, the area under the curve (AUC) of edoxaban was 25, 57 and 97% higher in patients with mild (CrCl = 65 mL/min), moderate (CrCl = 40 mL/min) and severe (CrCl = 20 mL/min) renal impairment than in those with normal renal function. 7 Further, the blood concentration of edoxaban in a ≤60 kg of body weight group was 1.8-fold higher than that in the >60 kg group. 8 Moreover, the AUC of edoxaban increased by 73% concomitant with the use of cyclosporine, which is a P-gp inhibitor. 9 High blood concentrations of edoxaban are also associated with an increased risk of bleeding. 4 Therefore, if patients had at least one dose adjustment factor, the dose of edoxaban was halved (from 60 to 30 mg/day) in phase 3 clinical trials. 10, 11 A sub-analysis of this trial showed that 30 mg/day of edoxaban, with the dose adjustment factor, avoided excess drug exposure and preserved the efficacy and safety, as compared to those with 60 mg/day in the non-dose adjustment factor group. 12 According to these clinical trials, only one level of dose reduction is indicated in the package insert of edoxaban. 2, 3 Therefore, the same reduced dose of edoxaban is administered in clinical practice, regardless of whether patients have one or multiple dose adjustment factors. However, bleeding risk can increase depending on the number of dose adjustment factors. This is the first study to evaluate the risk of bleeding in patients administered low-dose edoxaban based on the number of dose adjustment factors in clinical practice.
Our results showed that the incidence of major bleeding in all patients (3.54% per year) was similar to that reported in a previous study (3.05% per year) in which 30 mg/day of edoxaban was administered as a reduced dose. 4 However, the incidences of major bleeding were elevated as the number of dose adjustment factors increased ( Figure 1 ). Especially, a Cox proportional hazards model revealed that the risk of major bleeding was significantly higher in patients with all three dose adjustment factors ( This study has some limitations. First, the study retrospectively evaluated bleeding events. Therefore, the primary endpoint of this study was major bleeding events because sometimes minor bleeding events were not written in the medical record. Second, although we investigated the incidences of thromboembolism events, the sample size was too small to evaluate the efficacy of edoxaban. Therefore, this study could not confirm the efficacy of 30 mg/day edoxaban for patients with 0-3 dose adjustment factors. The appropriateness of dose adjustment of edoxaban should be evaluated by not only the risk of bleeding, balancing the clinical benefit for thromboembolism with bleeding. Finally, the blood concentration of edoxaban or anti-factor Xa activity was not measured.
| WHAT IS NE W AND CON CLUS I ON
This is the first study to evaluate the risk of bleeding in patients administered 30 mg/day of edoxaban based on the number of dose adjustment factors in clinical practice. The results of this study suggested that for patients receiving edoxaban, as the number of dose adjustment factors increases, the risk of major bleeding is also elevated, based on a 1-year follow-up study. Thus, for patients with multiple dose adjustment factors, not only one level of dose reduction but further dose reductions may be considered. Further studies with a larger sample size are needed to confirm these findings.
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